The rehabilitation of orphaned animals is commonly practiced but rarely scientifically documented. The behavioural development before release (e.g. regarding hunting skills) is particularly important for ensuring animals are self-sustaining after release. We document the rehabilitation and release of three confiscated cheetah (Acinonyx jubatus) cubs and one leopard (Panthera pardus) cub, which were taken from the wild in Botswana. The animals were raised with minimal human contact and the development of their hunting skills was observed and assisted by limited pre-release training. After release, all animals were monitored and data showed they successfully hunted, with behavioural patterns similar to wild conspecifics. All established stable home ranges at the release site. Home ranges of the cheetahs ranged from 44 to 121 km 2 , travelling primarily during the early morning and evening, ranging from 4.5 to 9.4 km/day. While the leopard survived and probably reproduced within a stable home range (449 km 2 ), all three cheetahs were shot within 7 months of release. Therefore, although orphaned large felids can successfully hunt after release using appropriate rehabilitation techniques, they face the same human-carnivore conflicts of their wild counterparts. Our study demonstrates the indispensable but commonly neglected need for post-release monitoring in wildlife rehabilitation.
INTRODUCTION
The International Wildlife Rehabilitation Council defines wildlife rehabilitation as 'the process of providing aid to injured, orphaned, displaced, or distressed wild animals in such a way that they may survive when released to their native habitats' (http://www.iwrc-online.org). Wildlife rehabilitation in Africa gained popularity in the 1960s after the release of orphaned lions (Panthera leo) in Kenya, followed by other orphaned large felids such as cheetahs (Acinonyx jubatus) and leopards (Panthera pardus) (Williams 2009 ). With an increasing frequency of news about rehabilitation programmes being established, one would expect large felid rehabilitation to have become a well established scientific field. A literature database search of peer-reviewed articles on carnivores, published in scientific journals between 1970 and 2010 (available from http://www.carnivoreconservation.org), using the search string (rehab* or orphan*), resulted in only 23 hits. Of the eight articles actually dealing with rehabilitation, most (six) were on bears (reviewed by Clark 2009), while none were on large felids. The lack of scientific information raises concerns that spending scarce financial resources will not be cost effective for conservation organizations committed to the rehabilitation and release of large felids. The apparent lack of scientific monitoring, evaluation and reporting in such release programmes (Gusset 2009 ) also raises concerns regarding the postrelease welfare of the orphaned animals involved.
While there is little scientific information on the rehabilitation and release of orphaned cheetahs or leopards, Pettifer (1981a) reports on the release of captive-bred cheetahs (also see Pettifer 1981b; Rowe-Rowe 1992; Hunter 1999; Marker et al. 2003; Hayward et al. 2007a,b; Marnewick et al. 2009 ). Conflict with humans was the biggest threat to their survival. The same appears to be true for translocated leopards (Hayward et al. 2007a,b,c; Weilenmann et al. 2010 ) and many other large carnivores ). Rehabilitation thus needs to be carefully implemented with reference to behavioural development and human habituation before release, as these developments can affect behavioural responses later in life (Bekoff 1989) . In release programmes, captivebred carnivores were found to have lower postrelease survival rates than wild-caught individuals (Jule et al. 2008) . This may be due to underdeveloped hunting skills (as a result of not having the opportunity to learn from experienced conspecifics) and habituation to humans before release (Bauer 2005) .
The global status of the cheetah has declined from approximately 100 000 in 1900 to less than 15 000 in the 1990s (Marker 1998) . Botswana holds the second largest population of cheetahs (Klein 2007) and is likely to be a stronghold for leopards too. Yet, as elsewhere, both species are threatened by human-carnivore conflicts (Schiess-Meier et al. 2007; Selebatso et al. 2008; Gusset et al. 2009 ). This conflict occasionally causes incidents of orphaned cheetahs and leopards being confiscated by the Department of Wildlife and National Parks (DWNP). With a successful rehabilitation programme, these animals could be used to re-establish cheetahs and leopards in areas where populations of the two species have declined or disappeared, as has been proposed for orphans of other species (McNutt et al. 2008) .
The present study is among the first to scientifically document the process of rehabilitating and releasing orphaned wild-caught individuals from two large felid species, with behavioural monitoring before and after release. A particular focus is on the behavioural development of hunting skills and limiting habituation to humans in the orphaned animals before release, as having self-sustaining animals after release may serve as a pragmatic criterion for rehabilitation success (Gusset 2009 ). Furthermore, post-release monitoring gives an indication of whether the study animals could establish successfully in their new environment. The results of this study should be applicable to the rehabilitation of other orphaned animals, including those bred or raised in captivity and intended for release.
METHODS

Study areas and holding facilities
The study was conducted from January 2005 to November 2009, with rehabilitation of study animals taking place at the Jwaneng base camp (24°31'S, 24°43'E) of Cheetah Conservation Botswana (CCB), which is located at Jwana Game Reserve in southern Botswana. The cheetahs were released in the Tuli area at Kwalata Game Farm (9000 ha) in eastern Botswana, which is located along the Limpopo River bordering South Africa (23°03'S, 27°52'E). This fenced game farm contained abundant wild prey and predators, such as leopards, brown hyaenas (Hyaena brunnea) and lions, were occasionally present. The leopard was released in an unfenced wildlife management area in southern Botswana (24°39'S, 23°04'E) with abundant wild prey. Lions were occasionally present and DWNP was consulted to ensure that the release site had no territorial leopards already resident in the area.
Study animals were kept in custom-made holding facilities during rehabilitation. All holding facilities were of the same design -they were divided into a lockdown area (19 × 10 m) with a small shelter containing a wooden platform, an alleyway (1 × 10 m) with guillotine gates to control access, and a larger enclosure area (20 × 30 m) that contained 2-3 trees, shrubs and grasses. The use of guillotine gates and two adjoining pens enabled separation of the animals from humans during feeding and cleaning of the pen. The enclosure was surrounded by shade cloth to reduce visual contact with humans. Human interaction with the study animals was kept to a minimum throughout the rehabilitation process (for further details, see Houser 2008) .
The pre-release enclosure used for habituating the cheetahs to their release site was a 100 ha enclosure with natural vegetation and no other predators on Kwalata Game Farm. The enclosure was stocked predominantly with impalas (Aepyceros melampus) and tsessebes (Damaliscus lunatus), with the former being a preferred prey species of cheetahs (Hayward et al. 2006) . The enclosure had three electric wires that kept the cheetahs in. However, it allowed free movement of smaller animals in and out of the enclosure through warthog (Phacochoerus africanus) holes.
Study animals and procedures
Cheetahs. Three wild-born cheetahs (3-6 months of age) were confiscated by DWNP and presented to CCB between January and February 2005 (see Table 1 for details). In the wild, cubs remain in the den until two months old and do not accompany their mother on hunts until at least four months of age (Caro 1994) ; thus, the cheetahs were unlikely to have witnessed hunts by the time of capture.
During the time spent in the holding facility, the cheetahs were fed 1.5-3.0 kg of meat with bone per day, with a calcium supplement of 5 g/day.
They were fed once daily, with 1 starvation day per week. As they grew older (12-15 months) the quantity and timing of feedings was varied (with 1-3 starvation days) to simulate varying hunting success in the wild. During their stay in the holding facility, the cheetahs were introduced to various dead and live prey animals, including poultry, rabbits and wild prey (Table 2) , to induce hunting behaviour and allow recognition of prey once released.
After 16 months, the subadult cheetahs were transported to the designated release site at Kwalata Game Farm. The cheetahs were each fitted with a VHF collar (Telonics) and placed in the 100 ha pre-release enclosure (Table 1) . Behav- After 7 months in this enclosure, the cheetahs' VHF collars were replaced with GPS collars (Televilt), and they were released into the game farm. Visual observations were obtained from a vehicle parked at distance to limit habituation, and observations were recorded approximately once every 7-10 days to monitor their condition, including feeding and vigilance behaviour at kills, for approximately 7 months after release.
Leopard. In October 2006, a wild-born female leopard, about 6 months old, was confiscated by DWNP and placed in the care of CCB (Table 1) . The leopard was given the same diet as the cheetahs. Body condition and behaviour of the leopard, which was extremely elusive from the beginning, were monitored through motion cameras set within the holding facility. The leopard was provided with enrichment by hiding food and providing scent trails throughout the pre-release period, and was given pre-release hunting training similar to the cheetahs by introducing her to various small live prey.
After 18 months in this holding facility (Table 1) , the leopard was transported to the designated release site in the wildlife management area. The leopard was released in April 2008 without being kept in a pre-release enclosure first. Such a hard release was used as it was considered that her more developed hunting abilities (as evidenced by regular kills in the holding facility; see below) would allow the leopard to survive in the wild (in contrast to the cheetahs in this study, for which a soft release was used). The leopard's health was checked and a satellite collar (Sirtrack) fitted, with limited direct monitoring after release.
Spatial and statistical analysis
The animal movement extension (Hooge & Eichenlaub 2000) in conjunction with ArcView GIS 3.2 (Environmental Systems Research Institute Inc.) and Ranges 7, version 2.2 (Anatrack Ltd.) were used for spatial analyses. Using locations recorded every 24 hours, the individual's home range and core area were calculated with the 95% and 50% fixed kernel method, respectively (Worton 1989) , using a least-squares crossvalidation smoothing factor. For comparison, the 95% and 50% peeled minimum convex polygons (MCP) were also calculated (Jennrich & Turner 1969), using the harmonic mean to remove 5% and 50% of outliers, respectively. Home range size was deemed accurate if, when calculated by the 95% peeled MCP method, the area-observation plots reached an asymptote.
Up to six locations per 24 hours for each cheetah and two locations per 24 hours for the leopard were used to calculate daily distances travelled after release. SPSS 11.0 (SPSS Inc.) was used for statistical analyses. Kolmogorov-Smirnov tests revealed a normal distribution of the data's residuals. In cheetahs, individual differences in behaviour before release and daily distance travelled after release were thus assessed using χ 2 analysis and one-way ANOVA, respectively. Significance was measured at P < 0.05 and all tests were two-tailed.
RESULTS
Introduction to live prey and hunting behaviour in the holding facility
Cheetahs Table 2 shows that the cheetahs successfully learned to hunt small and large wild prey. Judged by how quickly they showed interest by stalking or chasing prey, and their abilities to effectively catch prey and kill it, the cheetahs' hunting skills were observed to improve with experience.
Leopard
When introduced to live prey at 9 months of age, the leopard responded by killing small prey shortly after introduction into the enclosure. Remains of mongooses, birds and lizards naturally entering the holding facility were repeatedly found throughout the time in captivity.The leopard also responded readily to the enrichment provided.
Cheetah hunting behaviour in the pre-release enclosure
Of the 24 observed hunts in the pre-release enclosure, D3, A1 and G2 were successful on 55.5% (n = 9), 44.4% (n = 9) and 16.6% (n = 6) of attempts that they led, respectively. In most observed hunts (75.0%) more than one cheetah was involved. Combined hunting success was 41.7% (10 kills in 24 observed hunts). In the first two weeks entire carcasses were consumed over several days, with the cheetahs resting in the vicinity of the carcasses. Two weeks after release the cheetahs would only eat on carcasses the day it was hunted.
They mainly hunted impalas (66.6%) and steenbok (Raphicerus campestris) (20.5%), primarily adults (61.5%) regardless of sex (n = 39 hunts observed and kills found). Analyses of prey remains in scats revealed that they also fed on smaller birds, lagomorphs, rodents and one black-backed jackal (Canis mesomelas). Their hunting and killing techniques became increasingly refined, including stalking of prey and improved strangulation technique. For example, the first few kills of the cheetahs showed punctures in the neck, with tearing of the throat; however, within four weeks, cheetah kills showed no visible signs of strangulation, a hunting technique usually shown by wild cheetahs (Caro 1994) . Most hunting and feeding behaviour (64.1%) was observed from 4:00 a.m. to 11:00 a.m. (n = 39 hunts observed and kills found). The cheetahs did not rely on chasing prey into the fence, as most kills (65.0%) were made away from the fence (n = 24 kills). They were never artificially fed in the pre-release enclosure.
The time spent showing different behaviours in the pre-release enclosure was broken down into nine categories (Table 3) , with D3, A1 and G2 being observed for 120.5 hours, 186.3 hours and188.6 hours, respectively. The cheetahs spent most of their time resting (44.1%), with significant differences among the three individuals in locomotive, hunting and feeding behaviour ( Table 3 ). The individual (G2) with the lowest hunting success (see above) showed the most hunting but the least feeding behaviour.
Post-release behaviour of rehabilitated animals
Cheetahs
After release into the game farm, all three cheetahs immediately separated and continued to live and hunt alone (Fig. 1a) , with individually variable but stable home range and core area sizes (Table 4) . The cheetahs moved mainly from 4:00 a.m. to 11:00 a.m. (47.2%). There was a significant difference in the mean daily distance travelled among the three individuals (one-way ANOVA: F = 14.46, P < 0.001; Table 4 ). The individual (G2) that showed the least locomotive behaviour before release (Table 3 ) also moved the least after release.
The cheetahs only ate the main portions (thigh, shoulder or ribs) of the kills and left within 1-4 hours; they did not return to kills or stay in the area. All three cheetahs showed heightened vigilance at kills after release. After 2 months of being alone on the game farm, the male cheetah (D3) was observed to show sexual interest in the two females when they were in oestrus.
Leopard
After release into the wildlife management area, the leopard initially travelled 32 km southeast of the release site and spent a total of nine days on neighbouring TGLP (tribal grazing land policy) ranches that lie inland from the border of South Africa (Fig. 2) . After the initial 1.5 months and excluding the possible denning period, the leopard settled and established a home range primarily within the wildlife management area 58.7% of the time (Table 4, Fig. 2) , and 38.7% of the time in the pastoral/arable/residential land-use areas. The leopard was apparently able to hunt successfully.
Fate of rehabilitated animals
Cheetahs
After four months on the game farm (Table 1) , one female cheetah (A1) left the area when the river dropped low, facilitating escape. She first travelled through neighbouring farms along the Limpopo River and then crossed into South Africa (Fig. 1b) . A1 was shot on a game farm during a professional hunt 55 km away from the release site 12 days after leaving.
The other female cheetah (G2) left after 5 months on the game farm two days after A1 was killed, followed A1's path along the Limpopo River, crossing into South Africa (Fig. 1b) , and was shot from the road along the fence of a game farm 12 days later. Neither A1 nor G2 were reported by managers of farms where cheetah locations were recorded to have taken livestock or threatened people before their death.
After 7 months on the game farm, the male cheetah (D3) left and travelled 37 km north (Fig. 1b) . D3 was shot and killed one day after leaving the game farm. It is unclear why the cheetahs left the game farm; however, a lion was on the farm during the month the females left. Two wild male cheetahs were observed outside of the perimeter fence the month before the male left the farm.
Leopard
When the study was completed in November 2009, the leopard was still alive 19 months after release (Table 1) . Spatially concentrated locations in August/September 2009 indicated a possible den site (Fig. 2) , with strong scent of leopard urine coming from the burrow where GPS points were concentrated. The leopard was not reported to DWNP to have taken livestock nor did she approach people when ranging in livestock grazing areas.
DISCUSSION
The present study on the rehabilitation and release of orphaned large felids was specifically targeted at improving reintroduction success, through the behavioural development of hunting skills and by limiting habituation to humans. The environment in captivity before release, including pre-release training, is decisive for post-release survival in many species (Kleiman 1989; Somers & Gusset 2009 ). In our study, the assisted development of hunting skills worked (cf. Pettifer 1981a), without the animals having the opportunity to learn from the mother (cf. Gusset et al. 2006 ) and without supplementary feeding after release.
In the cheetahs, hunting, killing and feeding behaviours (including prey selection, hunting success and vigilance at kills) were similar to wild conspecifics (Caro 1994) . This suggests that the limited pre-release training employed (Houser 2008) can be recommended for use elsewhere, taking into account observed individual and species-specific differences in behavioural development. Post-release ranging behaviour of the three cheetahs was comparable to wild conspecifics, including daily movement and activity patterns (Hayward & Slotow 2009 ). The cheetahs' home range sizes were within the range of figures recorded for wild cheetahs elsewhere: from 34 to 161 km 2 in South Africa (Hunter 1999) and from 800 to 1500 km 2 in Namibia (Marker-Kraus et al. 1996) . However, the cheetahs' home ranges were considerably smaller on average than those of their wild conspecifics in nearby areas (Houser et al. 2009 ). Durant (2000) found that cheetahs tend to have larger home ranges when there is competition with larger predators. The cheetahs might have left the release area due to the recent arrival of a lion in their range or reported sightings of two male cheetahs outside of the perimeter fence of the game farm. Alternatively, it is possible that the female cheetahs left the game farm due to lack of suitable breeding mates. The game farm was well-stocked with prey so it is unlikely that a lack of food was the determining factor for their departure.
The leopard showed similar movement and home range patterns to wild conspecifics, with a large home range characteristic of more arid areas (Marker & Dickman 2005; Hayward et al. 2007a; Weilenmann et al. 2010 ) with low densities of prey ), including the initial roaming behaviour typical for translocated carnivores (Somers & Gusset 2009 ).
The animals in this study showed signs of mating behaviour (cheetahs) and possible reproduction (leopard), and their rehabilitation, in terms of being self-sustaining, establishing a home range and showing reproductive behaviour, could be classified as successful. However, although the cheetahs were raised with minimal human contact to limit habituation and never approached people (or their livestock) after release, they could not avoid humans at all times within this landscape matrix of livestock and game farms (cf. Pettifer 1981a), with a fatal outcome for the animals involved. In such areas, human persecution is the main cause of death in adult cheetahs (Marker et al. 2003) , and conflict with livestock farms (Klein 2007 ) and game ranches (Pettifer 1981a ) is believed to be a major threat to wild cheetah populations.
Although numerous attempts to translocate and release cheetahs have been undertaken (Pettifer 1981a, b; Rowe-Rowe 1992; Hunter 1999; Marker et al. 2003; Hayward et al. 2007a,b; Marnewick et al. 2009, B. Schumann, pers. comm.) , most have been unsuccessful due to human-induced mortality. The ranging behaviour that exposed the cheetahs to fatal contact with people could be restricted by predator-proof perimeter fencing (Hayward et al. 2007a; Gusset et al. 2008; Marnewick et al. 2009 ), but this also limits the natural exchange of animals among sites ). Pre-release aversive conditioning (Griffin et al. 2000) and total separation from humans while in the holding facility during feeding and cleaning times, and using large protected areas as release sites such as with the leopard in this study, might thus be indicated in future cheetah rehabilitation attempts.
Many conservation organizations are currently committed to the rehabilitation and release of orphaned large felids. While the rehabilitation and subsequent release of orphaned animals attract donor funding, post-release monitoring is expensive, and thus commonly neglected (Hunter 1999; Gusset 2009 ). Consequently, the fate of released animals is often unknown and where it is known it is frequently poor (e.g. Weilenmann et al. 2010 ). In our study, the running costs involved in the rehabilitation and release of the four animals over a four-year period was approximately US$4000 per animal per year (excluding costs for vehicle and holding facilities) for long-term care (cf. Marnewick et al. 2009 ). The benefit of being able to release self-reliant predators in areas where they have been eradicated, or are genetically isolated, is more cost-effective and desirable than relying on captive cheetah facilities. Given these considerable expenses, scientific monitoring, evaluation and reporting in such release programmes should be improved to underpin management decisions with scientific evidence (Gusset 2009 ).
Many conservation organizations probably would have announced the rehabilitation in our study a qualified success, as without post-release monitoring it is likely the animals would have been assumed alive, and the rehabilitation methods resulted in self-sufficient individuals surviving and reproducing in the wild. However, our results suggest that, although a rehabilitation attempt can be successful in terms of producing self-sustaining animals, ultimately rehabilitation must also consider the human-related threats that these animals may face after release.
CONCLUSION
Our study shows that orphaned large felids can be successfully released using appropriate rehabilitation techniques, and these animals could be used to re-establish populations of the respective species that have declined or disappeared. However, post-release survival depends on mitigating threatening factors, such as human ignorance and illegal killing, which need to be addressed by continued outreach programmes. Applied behaviour research (Pettifer 1995; Somers & Gusset 2009 ) and post-release monitoring will be key components in developing wildlife rehabilitation into an evidence-based field in animal welfare and conservation.
